MICROBIC VIRULENCE AND HOST SUSCEPTIBILITY IN PARATYPHOID-ENTERITIDIS INFECTION OF WHITE MICE : XI. SEASONAL VARIATION IN THE SUSCEPTIBILITY OF DIFFERENT STRAINS OF MICE TO PER OS INFECTION WITH THE TYPE II BACILLUS OF MOUSE TYPHOID (BACILLUS PESTIS CAVIÆ). FURTHER STUDIES. by Pritchett, Ida W.
MICROBIC VIRULENCE AND HOST SUSCEPTIBILITY IN 
PARATYPHO1D-ENTERITIDIS INFECTION 
OF WHITE MICE. 
XI.  SEASONAL VARIATION  IN  Tii~: SUSCEPTIBILITY  OF DIFFERENT 
STRAINS  OF  MICE  TO  PER  OS  IN~ECTION WITH THE 
TYPE  II  BACILLUS  OF  MOUSE  TYPHOID 
(BACILLUS PESTIS CAVIl). 
FtrRTm~R SVVDrES. 
BY  IDA W.  PRITCHETT, Sc.D. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, October 22, 1925.) 
In  a  recently published  paper  J we  have  drawn attention  to  the 
fact that  a  marked seasonal variation in susceptibility to infection 
with the bacillus of mouse typhoid has been observed with five un- 
related strains of mice, all fed on the same food and subjected to the 
same living conditions.  The experiments previously reported were 
begun in  October,  1923, and those to be discussed now, performed 
with four of the five strains, followed directly the ones of the previous 
year.  Thus we have a record of the response of these four strains of 
mice to a standard dose of the bacillus of mouse typhoid from Octo- 
ber, 1923, to September, 1925, inclusive, the only gaps in the record 
being for the Lathrop strain in November, and for the Little strain in 
October and November of 1923. 
EXPERIMENTAL. 
The material presented here is the same as that employed in another 
paper on the relative resistance of different strains of mice to mouse 
typhoid,  ~ the Bagg, Lathrop, Little, and Rockefeller Institute strains 
1  Pritchett, I. W., J. Exp. ]fled.,  1925, xli, 209. 
2 Pritchett, I. W., J. Exp. Med., 1926, xliii, 161. 
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being used  for these  tests.  The histories of these  strains  are  given 
elsewhere  ? 
As in the preceding year, routine monthly tests were made with all four strains 
of mice  for the  period from October to  September inclusive.  The procedure 
employed in starting one of these monthly tests was the same as that used in the 
earlier  work.  On the day before inoculation  with the mouse typhoid bacillus, 
each mouse was placed in a separate battery jar partly filled with shavings.  The 
next morning a dilution of 1:100 of an 18 hour broth culture of M. T. II was 
made in bouillon, from which three dilution plates were poured for the purpose of 
counting the  organisms  present.  Each mouse then received by  stomach  tube 
0.5  cc. of this  1:i00 dilution of the original  culture, containing on an average 
about 5,000,000 mouse typhoid bacilli.  The whole series of mice was fed directly 
after the inoculation  with the usual daily diet of bread soaked  in  pasteurized 
Grade B milk.  Each test was allowed to run for 8 weeks, during which time the 
deaths were recorded daily and mortality curves were plotted. 
In  Text-fig.  1  are  shown  the  results  of the  twelve monthly  tests. 
The  charts  are  arranged  in  chronological  order,  from  above  down- 
ward,  and in each chart is included in addition to the curves for the 
four  strains  of  mice,  the  standard  control  curve  constructed  last 
year for our Institute  albino  strain,  which  closely  approximates the 
similar  curve  previously  constructed  by  WebsteP  for  this  strain; 
this control curve, since it remains constant throughout, is useful as 
a graphic indicator of the rise and fall of the other curves in the course 
of the  12  month period.  This chart  may  be  compared with Text- 
fig.  1  of the  paper  already referred to,  ~ having  been  constructed  in 
precisely the  same  manner. 
Comparison  of these  charts  with  the  corresponding  charts  of the 
previous year will show certain differences in the response of the mice 
to  mouse  typhoid in  the  two  periods.  The  seasonal  fluctuation in 
resistance  during  the  first  year  (1923-24)  followed a  fairly  regular 
course--a low mortality rate  during the  fall  and  winter,  rising to a 
high peak in the spring (February to May inclusive); a very low level 
during  the  summer  months  of  June  and  July,  followed by another 
peak  in  September.  In  the  year  just  past  (1924--25)  this same  se- 
quence of events is not quite maintained.  The first variation from 
the  standard  established  in the  1st year is the  surprisingly high  set 
8 Pritchett, I. W., J. Exp. Med., 1925, xli, 195. 
4 Webster, L. T., J. Exp. Med., 1923, xxxvii, 231. 0  1  Z  3  4  5  6  ?  8  9  i0  ii 
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of  curves  obtained in  December,  comparable to  those  seen in  the 
preceding spring months.  This peak is followed by two sets of low 
curves, comparable to those seen in the preceding summer.  In March, 
however, an upward tendency becomes apparent in  all  strains  and 
the  next  3  months--April to  June  inclusive--show the  same  high 
mortality rate that was so striking in the spring months of the year 
before.  As in the preceding year, the July curves were, ill general, 
the lowest for the summer, the Lathrop mice alone showing a lower 
summer mortality rate in June.  Starting with the month of August 
there is again  an  upward  trend in  the curves, except for the Bagg 
curve,  which drops  still lower in August.  In September all curves 
are high, their pitch being especially steep. 
In Text-fig. 2 the seasonal variation in susceptibility of all strains 
of mice for the 2 years may be easily compared.  In this chart appear 
the curves constructed last year by plotting for each strain of mice 
the total mortality occurring in each successive monthly experiment, 
the mortality figure given in any one month representing the mor- 
tality rate  for the experiment begun in  that month.  (These same 
curves may be found in Text-fig. 2 of the paper already referred to)) 
Superimposed on these curves  are  similar curves  constructed from 
the total mortality figures obtained in the monthly experiments of 
the past year.  Average curves for the four strains of mice for the 
2 years are also included. 
It will be seen that, in general, the same thing has happened in all 
strains in each of the 12 month periods.  There has been a high mor- 
tality rate during the spring, a lower summer rate, and a subsequent 
fall  rise.  During  the  winter  of  1924-25,  however,  there  seems  to 
have  been  a  secondary rise  in  the  mortality rate  of  all  strains  ill 
December, followed by a  lower rate  in January,  and an extraordi- 
narily low rate in February, before the  upward trend begins toward 
the spring peak. 
No explanation for the departure from the record of the previous 
winter can be offered now.  Circumstances of an undetermined nature 
obviously produced  a  marked  simultaneous effect  on  all  the  four 
strains of mice in December, 1924, through which mortality was in- 
creased,  just  as  other  circumstances,  equally  unknown,  brought 
about a lowering of the mortality rate during the 2 months following. 176  PARATYPHOID-ENTERITIDIS  INFECTION.  XI 
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It is,  of course, true that the months of the years are only roughly 
comparable  and  variables  occurring within  them  may bring  about 
such  effects as  we have  described.  Future  studies  along  the lines 
of  these  observations  will  doubtless  lead  to  clearer perceptions  of 
such influences.  In general, however, the findings of the 2 years are 
in accord and may be taken to establish the fact that a  definite sea- 
sonal variation in the susceptibility of different strains of mice to a 
standard dose of mouse typhoid bacilli does occur. 
DISCUSSION. 
In our previous communication  J we expressed the belief that "the 
seasonal variations in mortality rate recorded for these mice are due 
to fluctuations in host susceptibility."  As a  basis for this belief we 
pointed  out  that  the  virulence  factor  of  paratyphoid-enteritidis 
strains  is,  as Webste# .~ has  shown,  quite  constant.  In our experi- 
ments the dosage factor, an important consideration, was kept uni- 
form.  The past year's experience has strengthened our view of the 
fluctuation  of  host  susceptibility.  We  have  systematically  em- 
ployed for the inoculation a  stock strain of M.  T.  II,  kept in agar 
cultures  at  +4°C.,  periodically  transferred,  arid  submitted  to  no 
animal passage  for more than 3  years. 
It is mere speculation, in view of the paucity of precise knowledge 
of  the  subject,  to  undertake  to  explain  the  seasonal  fluctuations 
which we have ascertained and described, just as at present it would 
not be profitable to discuss the particular variations of the mortality 
curves observed in December, 1924, and the 2 following months, from 
the curves obtained in the previous year. 
SUMMARY. 
Four  unrelated  strains  of  mice  were  tested  over  a  period  of 
1 year for their seasonal variation in susceptibility to per os feeding 
with  a  culture of Bacillus pestis cavice of known virulence.  Certain 
consistent  fluctuations,  determined to be in general agreement with 
those already recorded in a previous paper, were found and described. 
5 Webster, L. T., J. Exp. Med., 1923, xxxvii, 781; xxxviii, 33, 45. 